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Abstract: Deep planting is recommended in Nordic countries only for normal-sized container
seedlings planted on mounds. Its effects on smaller-sized seedlings are poorly understood. We stud-
ied the effects of planting depth on the early field performance of small-sized silver birch (Betula
pendula Roth) and Scots pine (Pinus sylvestris L.) container seedlings. Silver birch seedlings (mean
height of 16 cm) were planted to depths of 3, 6 and 8 cm on spot mounds in May 2016. Scots pine
seedlings (mean height of 9 cm) were planted to depths of 2, 5 and 8 cm on inverted mounds in
September 2018 and May 2019. At the end of the first growing season, the deeper-planted birch
seedlings were the tallest, as opposed to the deeper-planted Scots pine seedlings. However, the height
differences between the planting depths were not apparent until the end of the second growing
season in both tree species. Deeper planting decreased damage in Scots pine seedlings in the first
growing season, which was not observed in silver birch. Based on our findings, small-sized Scots
pine and silver birch seedlings can be planted safely at 6–8 cm planting depths, if at least 20% and
50% of their shoots, respectively, are above ground.
Keywords: Betula pendula; Pinus sylvestris; field performance; deep planting; small-sized seedling
1. Introduction
In Finland, nurseries produce about 160 million container seedlings annually for
planting in forest regeneration areas. In Finland, the majority (ca. 67%) of all annually-
planted seedlings are currently container-grown Norway spruce (Picea abies (L.) Karst.)
seedlings. The rest are Scots pine (Pinus sylvestris L., 30%) and silver birch (Betula pendula
Roth, 3%) seedlings [1]. However, there is pressure to increase the proportion of Scots pine
and silver birch (and also other tree species) in the plantings and decrease that of Norway
spruce. This is needed in order to increase the species diversity and, consequently, forest
resilience to multiple abiotic and biotic damage risks, which are expected to increase in
Norway spruce, in particular, in boreal regions under a changing climate [2–4].
In the past, silver birch seedlings were grown in Finnish nurseries in large-volume
containers (cell volume 200–400 cm3) and were 40–60 cm tall at the time of planting [5].
However, Luoranen et al. [5] showed that silver birch seedlings can also be grown in
smaller-volume containers (cell volume 80–120 cm3) for a short time, and then planted
when the seedlings are about 15–30 cm tall. These shorter silver birch seedlings (with
smaller-volume peat plugs) can also be planted using a planting tube, as opposed to tall
seedlings with large-volume plugs that need to be planted in a hole. For Scots pine, one-
year-old seedlings grown in containers with medium-sized cell volumes (80–90 cm3) have
typically been used in plantings in Finland and Sweden. However, in northern Finland
and Sweden, smaller, ca. 10-week-old and 5–10-cm-tall (cell volume 15–40 cm3) container-
grown Scots pine seedlings have also been used in forest regeneration [6,7]. For both tree
species, smaller-sized seedlings are cheaper to produce due to their shorter growing period
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in nurseries. Following that, they require less space in both storage and transportation, and
are easier to plant.
In certain previous studies, small-sized Scots pine seedlings have also been observed
to grow at least as well, and suffer less pine weevil damage, compared to larger-sized
container seedlings [6,8,9]. However, they have been found to be more prone to storage
and environmental stress factors, such as drought [8,10–12]. To date, small-sized Scots pine
seedlings have been used in forest regeneration mainly in the humid climate of the northern
parts of Nordic countries. However, because of their many benefits, they could also be an
attractive option as forest regeneration material in other parts of Nordic boreal forests.
These days, spot mounding and inverting are largely used in the planting of seedlings
in Nordic countries [13]. In spot mounding, the humus and underlying mineral soil is
removed and flipped over onto the adjacent undisturbed forest floor. In inverting, the
layered soil is, instead, returned to the planting pit upside down [14]. Based on previous
studies, seedlings should preferably be planted deep enough that the peat plug is in
the humus layer [15]. Currently, the recommended typical planting depth is 5 cm for
conventional container seedlings when using spot mounding or inverting. In silver birch,
there has been a worry that deep planting may disturb the development of the seedlings,
as well as increase the risk of birch stem spot fungi. In deep planting, almost the whole
shoot may need to be placed below ground in small-sized seedlings (e.g., Scots pine), in
order to have the peat plug sit in the humus layer below a mound.
In previous early-performance studies on hybrid larch (Larix x marschlinsii Coaz) [16],
oak (Quercus robur L.) and beech (Fagus sylvatica L.) [17] seedlings, deep planting did not
decrease height growth of seedlings. In long-term planting-depth experiments, planting
depth did not affect total diameter or height growth in seedlings of black spruce (Picea
mariana (Mill.) B.S.P.), white spruce (Picea glauca (Moench) Voss) or jack pine (Pinus banksiana
L.) over a 19-year period since forest regeneration [18]. Tarroux et al. [19] even found deep
planting to increase total height and diameter growth in white spruce and height growth
in black spruce (which showed no effect on diameter growth) over a 17-year period since
forest regeneration. Based on these studies, it seems that the growth of seedlings in many
conifer and broadleaved species could either benefit, or at least would not suffer, from
deep planting.
In Finland, conifer seedlings are also typically planted in a narrow window, from
May to early June, which causes significant work pressure for seedling producers, planting
organizers, and manual and machine planters [20,21]. Therefore, the interest in extending
the planting window of conifer seedlings throughout the unfrozen growing season has
increased. However, it is not recommended to plant Scots pine container seedlings in
mid-summer due to their poor performance [22,23]. Autumn-planted Scots pine seedlings
perform better when planted without prior field storage, and when winter weather condi-
tions are not too harsh after planting [24,25]. Overall, Scots pine seedlings seem to be more
sensitive to different damage-causing factors compared to Norway spruce seedlings [11,26].
They are also typically planted on coarse-textured soils, where the risk of drought is
naturally higher than on moist, finer-textured soils.
Adopting planting procedures, for example, by deepening the planting depth, may
also mitigate the risks related to environmental and other stress factors (e.g., drought, insect
pests) in different planting seasons and thus increase the success of forest regeneration. In
previous studies, the deep planting of one- and two-year-old conventional conifer seedlings
(with height > 15 cm) in spring enhanced both their growth and survival, and protected the
seedlings from pine weevil feeding and drought damage [27–29]. However, we do not yet
know if deep planting could be of benefit in autumn plantings by, for example, protecting
seedlings against drought and winter damage.
In this study, we investigated the effects of planting depth on the early field per-
formance of small-sized silver birch and Scots pine container seedlings in two different
experiments. In Experiment 1, silver birch seedlings were grown in peat plugs with cell
volume of 85 cm3 and planted in spring. In Experiment 2, Scots pine seedlings were
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grown in peat plugs with cell volume 30 cm3 and planted in both autumn and spring. We
hypothesized that the deeper-planted seedlings would grow better than the shallower
planted ones if more than 50% of their shoot length was above ground (providing enough
photosynthesizing leaf/needle area). In Experiment 1, our hypothesis was also that there
would be no risk of birch-stem spot fungus, even though the greater part of the shoot
would be below ground. In Experiment 2, we also hypothesized that: (i) deep planting
would give a better protection for the seedlings against abiotic damage, especially drought,
than shallower planting; and (ii) the mortality of spring-planted small-sized Scots pine
seedlings would be lower than for autumn-planted seedlings.
2. Materials and Methods
2.1. Seedling Materials
For both experiments, seedlings were grown at the Suonenjoki Research Nursery, run
by the Natural Resources Institute of Finland (62◦39′ N, 27◦03′ E, 142 m a.s.l.). For Experi-
ment 1, on silver birch (Betula pendula Roth), seed-orchard–coated seeds (SV 424) for use in
Central Finland were sown into hard-walled plastic containers on 22 June 2015 (Plantek
PL81F, 81 seedlings per tray, cell volume 85 cm3, growing density 546 cells m−2; BCC, Iso-
Vimma, Finland). The containers were filled with base-fertilized (0.8 kg m−3 16N:8P:16K
soluble fertilizer with micronutrients) and limed (2.0 kg m−3) light sphagnum peat (White
420 F6W, Kekkilä Co., Tuusula, Finland). The seedlings were grown in the greenhouse
until 27 July 2015, when they were moved to the outdoor growing area. On 21 July, the
seedlings were sprayed with fosetyl-aluminium (Aliette, 0.3% liquid, 600 L ha−1). As they
were growing, the seedlings were irrigated daily, but not fertilized. On 28 October 2015,
the seedlings were packed into four cardboard boxes and transferred to freezer storage
(−3 ◦C). On 29 April 2016, the seedlings were transferred to +5 ◦C storage.
For Experiment 2, Scots pine seeds (seed orchard SV323 for use in Central Finland)
were sown on 6 June 2018 in hard, plastic Airblock (BCC, Landskrona, Sweden) 196F trays
(196 cells per tray, 1322 cells m−2, cell volume 30 cm3), equipped with air slits and filled
with fertilized (Kekkilä Starter6 NPK 16-4-17 kg m−3 with slow-release N fertilizer and
micronutrients) and limed, medium-coarse white sphagnum peat (Kekkilä Oyj, Eurajoki,
Finland). The seedlings were grown in a greenhouse at Suonenjoki Research Nursery, un-
der natural light conditions, until 2 August 2018. They were then transferred to an outdoor
growing area. The seedlings were irrigated two to seven times per week, depending on
the weather conditions. They were given a commercial fertilizer solution (Kekkilä Forest
SupereX with 22N:5P:16K) three times from 20 June to 2 August 2018, receiving a total of
19.65 g m−2 fertilizer solution. The seedlings were protected against storage mold by Tilt
250 EC (0.125%, propiconatsol), applied twice, on 17 August and 13 September 2018. The
seedlings for both the autumn (September 2018) and spring (May 2019) plantings were pro-
tected against pine weevil feeding by spraying with Karate-Zeon (0.6%, labda-syhalotrin)
on 14 September 2018. On 6 November 2018, the seedlings left for spring planting were
packed in cardboard boxes and transferred to freezer storage until 2 May 2019.
2.2. Planting Trials and Seedling Measurements
Experiment 1 was performed at Rautalampi (69◦45′ N, 49◦51′ E) in Finland. The
experimental site was mesic and free of stones, and the soil type was partly fine and partly
medium-coarse. The regeneration site was spot mounded in autumn 2015. Two edges
of the site were also ditched to maintain the water table level low enough even in the
wettest time of a year. The silver birch seedlings were planted on 4 May 2016. The target
planting depths (length of shoot below ground) were 3, 6 and 8 cm. The study design was
randomized blocks. There was one seedling from each planting depth in each block. There
was a total of 80 blocks, and thus a total of 480 seedlings in the experiment.
The planting site for Experiment 2 was located in Pieksämäki in Finland (62◦16′ N,
27◦16′ E) and was clear cut in spring 2018. Mechanical site preparation was performed
with soil inversion on medium-coarse soil on a sub-xeric site (dryer than other planting
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site). The planting site was also slightly sloped (thus, no problem with high water table)
and ditched under the hill. The autumn plantings of small-sized Scots pine seedlings were
performed on 25 September 2018 and the spring plantings on 16 May 2019. The study
design was split-plot and the field trial consistent of 100 blocks. In each block, there were
two plots—one for spring and one for autumn plantings. Inside each of these, we used
three planting depths, where 99%, 50% and 25% of the shoot was below ground. The 99%
planting depth meant that 99% of the shoot was below ground, with only the apical bud
being visible above ground. Six seedlings were planted in each block (three in each sub-plot,
and one at each planting depth within each sub-plot), giving a total of 600 seedlings.
In both experiments, the planting spots in the blocks were chosen to be as similar as
possible in terms of quality. The planting depths in the blocks or sub-plots were randomized.
The planting was performed using planting tubes (PottiputkiTM, BCC, Iso-Vimma, Finland),
which were adjusted to accommodate the different planting depths. The quality of the
mounds was assessed in both experiments.
In Experiment 1, both the cover (pure mineral soil, mix of humus and mineral soil, and
humus) and type of mound (medium-coarse or fine mineral soil, or humus) were assessed.
Any harvesting residues or stones under the mounds were recorded. In Experiment 1,
the material of the mound surface was mineral soil in 87% of cases, a mixture of this with
humus in 10% and just humus in 3%. The soil types in the mounds were medium-coarse,
humus and fine in 63%, 2% and 35% of cases, respectively. There were no branches or
stones under the mounds in 47% of the cases, whereas 52% of the mounds contained
branches and 1% stones.
In Experiment 2, the quality of the planting spot was defined visually using three
quality classes, good, moderate and poor. A planting spot was classified as: (1) good if
the mound was clear of branches and stones, and the inverted mound was composed
of separate humus and mineral soil layer; (2) moderate if there was a minor amount of
individual branches and stones in the mound, or if the mound was a little asymmetrical,
with slightly mixed humus and mineral soil layers; and (3) poor if there were several
branches or stones in the mound, the inverted mound was not in the middle of the digging
hole and/or had mixed humus and mineral soil layers, or the humus layer was too far
away/missing completely for the roots of the seedlings to reach. In Experiment 2, the
quality of the planting spots was generally good for 92% of cases, moderate for 7% and
poor for 1%.
In both experiments, the height of the seedlings was measured (to an accuracy of
0.5 cm) from the surface of the peat plug to the top of the seedling before planting. After
planting, the seedlings were measured again, from ground level to the top of the seedling.
Accurate planting depths were calculated as the difference between the seedling height
measured before and after planting. At the end of each growing season, the height of each
seedling was measured, and the causes and degree of damage (healthy, slightly damaged,
dying, dead) were recorded. In Experiment 1, the stem base diameter (to an accuracy of
0.1 mm) of the silver birch seedlings was also measured, at 2 cm above-ground level, at
planting, and at the end of the first and third growing seasons. In Experiment 2, 99% of
the shoots were below ground at planting, and so the diameter of the Scots pine seedlings
could not be measured. Multiple leaders and drought damage in the current-year shoots of
birch seedlings were recorded each year. At the end of the third year, the bases of the silver
birch seedlings were also checked for possible stem spot fungus.
In Experiment 2, the soil temperatures at the planting site were measured using HOBO
data loggers (type H08-008-05, Onset Computer Corp., Bourne, MA, USA), with a total of
four temperature sensors (type HOBO TMC20-HD), from 15 May to 5 September 2019 and
from 1 April to 11 September 2020. Temperatures were taken at each seedling planting
depth and from the level of undisturbed soil. The daily mean soil temperatures between
16 and 31 May 2019 were 13, 13 and 12.5 ◦C at soil depths of 2, 5 and 8 cm, respectively.
In May 2020, the daily mean soil temperatures were 10, 9 and 8 ◦C at depths of 2, 5 and
8 cm, respectively. The daily mean soil temperature varied less at depths of 8 cm during
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the growing seasons (from May to August) of 2019 and 2020 than at the shallower depths
of 2–5 cm and at ground level (Figure 1, Figure A1). In June and July, the differences in soil
temperature were smaller for the different depths (not shown in detail).
Figure 1. Soil temperatures in spring (a,c) and autumn (b,d) of 2019 and 2020, respectively, at different planting depths in
Experiment 2 in Scots pine.
2.3. Statistical Analysis
All statistical analyses were performed using IBM SPSS Statistics v.27.0. software. In
all the analyses, planting season (S) and planting depth (D) for Scots pine, and planting
depth (D) for silver birch were considered as fixed effects, with block being considered
as the random effect. The effects on seedling height (both species) and diameter (only in
silver birch) were analyzed using a repeated linear mixed model (MIXED). Only healthy
and slightly damaged seedlings were included in the height and diameter analyses.
The height and diameter data was checked for normality and the homogeneity of
variance was analyzed using Levene’s test. In Experiment 2, root square transformation
was used to homogenize the variances in shoot height data in Scots pine. Binary data was
used to analyze the probability of mortality (with dying seedlings being included in the
‘dead’ category), multiple leaders, the occurrence of damage (from slightly damaged to
dead and missing) and damage from stem spot fungus and moose. The statistical analyses
were first performed using a generalized linear mixed model (the GENLINMIX procedure).
Because the variance of the random variable (block) was zero, the final statistical analyses
applied a generalized linear model (GENLIN), using binominal distribution with a log-link
function in the GENLIN model. Multiple comparisons were based on the Bonferroni
correction. Differences with a p-value <0.05 were considered significant.
3. Results
3.1. Experiment 1: Silver Birch Seedlings
The planting depths (measured part of belowground shoot) were, on average, 3, 6
and 8 (SD ± 1) cm, which corresponded to 81, 65 and 51% of the total aboveground shoot
height, respectively. At the end of the first growing season in 2016, the seedlings planted
to a depth of 8 cm were the tallest, being, on average, 64 cm high (p < 0.05 for Y × D).
After the second and third growing seasons, the heights of the seedling were, on average,
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121 and 210 cm. No statistically significant differences were observed in height growth
(p < 0.144 for D × Y, p < 0.123 for D × Y) or diameter growth (p = 0.372 for Y × D) among
the planting depths in each year (Figure 2, Table 1).
Figure 2. Height (a) and diameter (b) development in silver birch seedlings in 2016–2018 at planting
depths of 3, 6 and 8 cm (length of belowground shoot). The height and diameter of the seedlings
were measured at the time of planting, after the first, second (height only) and third growing seasons.
Vertical bars indicate the standard error of the means (n = 73–80). The different letters indicate
statistically significant (p < 0.05) differences among planting depths within each year.
Table 1. Repeated (year Y) linear mixed model analysis for the effects of planting depth (D) on the
height and diameter of silver birch seedlings. The variance of random effects of each planting year
and block are also presented.
Fixed Effect HeightF p-Value
Diameter
F p-Value
Intercept 7203.47 <0.001 4375.64 <0.001
Planting depth (D) 4.90 0.008 1.45 0.238
Year (Y) 1981.03 <0.001 1286.13 <0.001
D × Y 5.31 <0.001 1.07 0.372
Variance of random effects Estimate Std. Error Estimate Std. Error
At planting 2.63 0.37 0.09 0.01
First year 392.80 37.74 4.66 0.43
Second year 1516.78 152.47 – –
Third year 2836.91 272.37 47.08 4.44
Block <0.01 <0.01 – –
After the third growing season in 2018, seedling mortality was low (4%). Moose
browsing damaged 3% of the seedlings. The other causes of damage were unknown.
Planting depth did not statistically significantly affect seedling mortality (p = 0.706) or
moose grazing (p = 0.873). Planting depth also did not significantly affect the probability of
the drying of the current-year shoot (43%, p = 0.930), the occurrence of stem spot fungus
(2%, p = 0.761) or the presence of multiple leaders (26%, p = 0.349).
3.2. Experiment 2: Scots Pine Seedlings
The planting depths (measured part of belowground shoot) were, on average, 2, 5 and
8 (±1) cm, which corresponded to 77%, 47% and 9% of the total aboveground shoot height,
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respectively. After the first growing season in 2019, the seedlings with a planting depth of
2 cm were the tallest, while those with a planting depth of 8 cm were the shortest in both
planting seasons (p < 0.001 for S× D× Y). The autumn-planted seedlings were 0.7 cm taller
than the spring-planted seedlings at the end of the first growing season (p < 0.001 for S× Y)
(Figure 3, Table 2). After the second growing season in 2020, the differences in seedling
height were no longer apparent among planting depths within a planting season (autumn
p = 0.460, spring p = 0.425 for S × D × Y). However, the autumn-planted seedlings were,
on average, 1.7 cm taller than the spring-planted seedlings (p < 0.05 for S × Y) (Figure 3,
Table 2).
Figure 3. Height development of autumn- and spring-planted Scots pine seedlings in 2019–2020 at
planting depths of 2, 5 and 8 cm (length of belowground shoot). The seedlings were measured at the
time of planting, and after the first and second growing seasons. Vertical bars indicate the standard
error of the means (n = 90–98). The different letters indicate statistically significant differences
among planting depths in the inventory year. Asterisks (*) indicate statistically significant differences
between the planting seasons at particular planting depths in each year.
Table 2. Repeated (year Y) linear mixed model analysis for the effects of planting depth (D) on the height and diameter of
silver birch seedlings. The variance of random effects of each planting year and block are also presented.
Fixed Effect
Height Variance of
F p-Value Random Effects Estimate Std. Error
Intercept 108,007.438 <0.001 At planting 0.04 0.00
Season (S) 15.104 0.002 First year 0.09 0.01
Planting depth (D) 589.209 <0.001 Second year 0.38 0.02
Year (Y) 11,102.309 <0.001 Block <0.01 <0.01
S × Y 12.997 <0.001
D × Y 443.304 <0.001
S × D 6.443 0.004
S × D × Y 1.014 0.626
After the first growing season, in 2019, the mortality of autumn-planted Scots pine
seedlings was slightly higher (5%) than for spring-planted seedlings (2%) (p = 0.023 for
S, p = 0.851 for D, p = 0.794 for S × D). After the second growing season in 2020, the
seedling mortality was 6% (p = 0.728 for S, p = 0.915 for D, p = 0.081 for S × D). After the
first growing season in 2019, 6% of the seedlings were affected by drought, 3% by insects
(web-spinning sawfly, Acantholyda hieroglyphica) and 1% of the seedlings were missing. The
proportion of damaged seedlings (from slightly damaged to dead and missing) decreased
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with planting depth; 15%, 11% and 4% of the seedlings were damaged at 2, 5 and 8 cm
planting depths, respectively (p = 0.061 for S, p = 0.003 for D, p = 0.965 for S × D) (Figure 4).
After the second growing season, in 2020, 3% of the seedlings were affected by fungus
(most probably scleroderris canker, Gremmeniella abietina), 3% by drought, 1% by insects
(web-spinning sawfly and pine weevil, Hylobius abietis) and 1% by mammals, and 1% of
seedlings were missing (p = 0.594 for S, p = 0.439 for D, p = 0.299 for S × D).
Figure 4. Percentage of causes of damage and missing seedlings in autumn (A) and spring (S) planted
Scots pine seedlings (a) after the first (year 2019) and (b) second (year 2020) growing seasons at
different planting depths.
4. Discussion
The field performance of deeply-planted, small-sized seedlings of silver birch (in
spring) and Scots pine (in spring and autumn) was, in general, at least at the same level as
it was for shallower-planted seedlings. There were differences in height among planting
depths at the end of the first growing season, but they disappeared until the end of the
second growing season in both tree species due to the better growth of deeper-planted
seedlings in the second growing season. Deep-planted silver birch seedlings [30] and Scots
pines can grow adventitious roots from the belowground stem [31,32]. This can increase
the root volume in deep-planted seedlings, and also enhance their shoot growth in coming
years. Small-sized Scots pine seedlings have also been observed to concentrate more on
root growth than height growth during the first year [33]. This may have been the case in
our study, as evidenced by large growth differences between successive growing seasons.
Unfortunately, we did not measure the root growth in our study.
The autumn-planted Scots pine seedlings grew better than the spring-planted seedlings
in the following summer in our study. The soil temperatures during 16–31 May varied
between 6 and 25 ◦C for all planting depths combined. As a result, the autumn-planted
seedlings may have started growth earlier than the spring-planted seedlings, which were
transferred from freezer storage (−3 ◦C) to a temperature of +5 ◦C on 29 April 2019 and
planted on 16 May 2019. In addition, Luoranen [25] observed that autumn-planted Scots
pine seedlings started their root growth in the following spring when the soil was warmed
by only a few degrees. In early September, the minimum soil temperatures at the deepest
planting depth were higher than at the shallower depths (e.g., in 2020, from 9 to 6 ◦C) in
this study. In line with our findings, Luoranen and Viiri [28] observed higher temperatures
at deeper depths in mounds in late autumn. The root growth of seedlings can continue in
autumn as long as the soil temperature is above 5 ◦C [34]. The longer root growth period
may have promoted shoot growth in autumn-planted Scots pine seedlings in our study.
The growing environments of our two experimental sites were different from each
other. Scots pine was planted on dryer and less fertile site and silver birch on moister and
more fertile site. These are also typical growing environments for these species. Silver birch
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is more water and nutrient demanding (like Norway spruce) than Scots pine. At older age,
Scots pine has also in general deeper rooting than Silver birch and it develops especially on
sandy soils a taproot, which enhances its anchorage. Silver birch has in general horizontally
wider rooting system than Scots pine [35]. It is also deeper than that of Norway spruce.
Luoranen and Viiri [28] reported relatively similar growth patterns in Norway spruce
seedlings, under corresponding growing conditions (on medium-coarse and fine-textured
soils), as we found in small-sized silver birch and Scots pine seedlings. These findings
suggest that deeply-planted seedlings may have better access to the nutrient-rich humus
layer compared to shallower-planted seedlings [15]. Luoranen and Viiri [28] also observed
enhanced diameter growth in deeply-planted seedlings. Even though we did not find any
statistically significant differences after 3 years in diameter growth for silver birch seedlings
at different planting depths, the deeply-planted seedlings were the thickest at the end of
the experiment.
We found that deeper-planting did not increase the mortality of seedlings either in
silver birch or Scots pine, which is in line with earlier findings in conifer and broadleaved
seedlings (see, e.g., [16–18]). In addition, Örlander et al. [27] and Luoranen and Viiri [28]
suggested that deeper-planted Norway spruce seedlings had less mortality.
Previous studies on the effects of planting depth in Nordic boreal conditions were
based on different kind of mounds [27,28]. The purpose of mounding is to improve
seedlings’ growing conditions by, e.g., increasing the soil porosity, temperature and nutrient
availability and decreasing the soil water content (in wet soils) at the root zone [27].
These benefits cannot be obtained, if patching or disc trenching are used, or seedlings are
planted on uncultivated soil. Thus, our deep planting results cannot be generalized for
those methods.
Although the silver birch seedlings were short (8–13 cm) at the time of planting, they
did not suffer competition from field vegetation at the mesic site. The seedlings grew
rapidly in mounds, and were more than 2 m high at all planting depths at the end of the
third growing season. For the silver birch seedlings, the major damaging factor was moose,
but the occurrence of moose damage was very low and there were no differences among
the planting depths.
In Scots pine, the proportions of drought and insect damage were clearly lower in
the deep-planted seedlings after the first growing season, regardless of planting season.
Mortality of seedlings was low, although, after the first growing season, the mortality of
autumn-planted Scots pine seedlings was 3% higher than in spring-planted seedlings. This
has also been observed in previous studies [21,26]. However, autumn plantings have been
successful when the seedlings were well watered, carefully planted, handled without field
storage, and when no harsh weather conditions occurred at planting (or thereabouts) or
during the first winter after planting [24,25].
Based on our findings, deep planting has the potential of being a protective method,
especially for Scots pine, against abiotic stressors, such as drought, the occurrence of which
is expected to increase under changing climate in boreal regions in spring and summer [36].
In previous studies, deep planting has also been found to decrease drought damage in Nor-
way spruce seedlings [27,28]. This is important, especially for small-sized conifer seedlings,
which are more sensitive to the stresses caused by environmental factors, seedling handling
and competition with field vegetation compared to conventional seedlings [10]. Because
the seedlings were small sized in our study, great proportion of the shoot of deep-planted
seedlings was underground (80% for Scots pine and 60% for silver birch) and thus made the
seedlings more stable. However, the use of small-sized seedlings might not be a suitable
option for conifer species on fertile and moist sites because of the high vegetative com-
petition [10,11]. In the study of Tuttle et al. [37], for example, the regeneration results for
small loblolly pine (Pinus taeda L.) bare-root seedlings were better than for taller seedlings
(seedling heights at planting ranged from 5 to 36 cm) on dry sites, as opposed to more
moist (fertile) sites. Our results highlight the importance of appropriate planting depth,
especially in autumn plantings where the failure risk is higher [21,26].
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We observed a large number of Scots pine seedlings with feeding web-spinning flies
after the first year at shallower planting depths. However, we found only a few feeding
scars by pine weevils in the Scots pine seedlings after the second growing season (and none
in the first year). During the first season, chemical treatment of the Scots pine seedlings
against pine weevil feeding, along with the mineral-soil-covered mounds, protected the
seedlings. However, the protective effect of such chemical treatment is reduced after the
first year [38]. Nevertheless, the seedlings recovered relatively well from the feeding
damage. Previously, deep planting has been reported to protect Norway spruce seedlings
from pine weevil damage [29].
5. Conclusions
A deeper planting depth did not decrease the early field performance of small-sized
silver birch or Scots pine seedlings in our study. This finding is in accordance with previous
deep-planting results in boreal tree seedlings. Nevertheless, it must be acknowledged
that our results consider only two field experiments in spot-mounded and inverted sites.
Therefore, the deep planting of small-sized Scots pine and silver birch seedlings might
potentially be good practice, at least on equivalent sites and with similar mechanical site
preparation methods. At the deepest planting depth of 8 cm (9% of shoot above ground), a
few Scots pine seedlings went missing, probably because they were accidentally planted
too deeply and became completely buried. Based on our findings, the target planting depth
for small-sized silver birch and Scots pine seedlings planted in mounds is the same as that
previously recommended for taller conifer container seedlings planted in mounds—about
5–6 cm. This would mean that 20%–40% of Scots pine shoots and 40%–50% of silver birch
shoots would be above ground after planting. However, a longer inspection period is
needed to be able to evaluate the long-term effects of planting depth on the quality and
height growth of the seedlings.
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Appendix A
Figure A1. Soil temperatures at different planting depths during the growing seasons in (a) 2019 and (b) 2020 in the Scots
pine experiment.
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